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OBJECT  OF  TASK 

To  determine  suitable  container  materials  an.'  effective  corrosion 
inhibitors  coi^tible  with  water  solutions  of  lithitsa  chloride  for  use 


ABSTRACT 

Previous  experiments  under  this  task  using  small  metal  test  panels 
resulted  in  tfa  -  selection  of  a  sodium  dichroumte-oxalic  acid  inhibitor 
for  use  in  protecting  stainless  steel  free  corrosion  by  a  24>percent 
lithium  chloride  solution.  Subsequent  testing  with  unlined  stainless 
steel  extinguishers  showed  chat  Che  inhibitor  did  not  prevent  inter¬ 
granular  and  crevice  corrosion. 

In  this  investigation,  five  different  comaercial  extinguishers. 
lauricaLcd  ox  drawn  brass  or  silic«<n  bronze  and  lined  with  a  lead  alloy, 
were  tested  with  the  lithium  chloride  solution  using  either  sodium 
dichromate-oxalic  acid  or  sodiw  dichromate  alone  as  an  Inhibitor.  It 
was  determined  'hat  0.5  percent  sodium  dichromate  satisfactorily  iablbits 
corrosion  by  the  water  soluii'nt  of  lichiua  chloride  when  contained  in  an 
extinguisher  of  drawn  brass. 


IXTRODUCTION 


In  1S.-5  a  study  on  ’’Low-Tenperature  Fire  Extinguishing  Agents*'* 
was  reported.  .As  a  result  of  this  investigation  a  24-percent  water 
solution  of  lithiua  chloride  was  selected  for  use  in  fighting  Class  A 
files.  A  low  eutectic  made  it  satisfactory  for  use  in  extinguishers  in 
polar  clisistes.  However,  the  solution  was  found  to  be  verj"  corrosive; 
a  studj"  was  made  at  KCEL  to  find  a  corrosion  inhi'oitor  ani/or  a  si'itabie 
container  for  use  with  this  solution. 

It  was  previously  reported,  from  NCtL  tp.srs  ^ade  on  small  panels, 
t^'at  vh.-r  a  sixlwre  wf  sodium  dichruoate  and  oxalic  acid  was  added  to 
the  24-percent  lithium  chloride  solution,  corrosion  of  stainless  steel 
was  almost  completely  inhibited.  Subsequent  tests  made  with  commercial 
2-i/2-saiion  stainless  steel  fire  extinguishers  showed,  nowever,  that 
although  general  corrosion  was  inhibited,  severe  corrosion  occurred  at 
Welds  and  seans.^  Further  reference  to  the  small  panel  tests  indicated 
the  possibility  that  brass  or  bronze  extinguishers  would  prove  satis¬ 
factory  for  use  with  an  inhibited  lithium  chloride  solution. 


MATERIALS 

Several  brass  or  bronze  extinguishers  are  manufactured  for  i»c<»  with 
inhibited  calcium  chloride  solutioos.  Since  lithium  chloride  solutions 
are  only  slightly  more  corrosive  than  solutions  of  calcium  chloride,  it 
was  decided  to  test  these  extinguishers  with  the  lithium  chloride  solu¬ 
tion.  Ten  were  purchased,  two  from  each  of  five  manufacturers,  ar<d 
studies  were  mace  of  their  suitability  as  containers  for  inhibited 
24-percent  water  solutions  of  lithium  chloride.  The  extinguishers 
tested  are  listed  below: 

1.  .Americap-La  France- Foam ite  Corporation,  Elmira,  New  Yoek; 

Model  3K-2  anti-freeze  extinguisher,  2-i/2-gallon  silicon 
bronze,  350- pound  test. 

?,  Elkhart  F-rass  Manufactui ing  Company,  Inc.,  Eikliart,  Indiana; 

No.  X-.A  (for  anti-frecze  solutions)  2-1/2-gallon  polished 
brass,  jOO-pound  test. 


3.  FjT-Fyter,  Divirion  of  Tyr-Tyter  Cctsapany,  221  Crane  Street, 
Dayton,  Ohio;  anti- freeze  extinguisher  Ko.  94-11,  2-1/2-galion 
drawn  brass  500- pound  test. 

4.  Walter  Kic'ie  and  Coicpany,  Inc.,  Industrial  and  Marine  Division, 

3ell-;ville  9,  New  Jersey;  Model  anti-freeze  extinguisher, 

2-1/2-gailon  silicon  Lronze,  350-pound  test. 

5.  Pyrene  C-O-TWO  Division,  The  Fyr-Fyter  Coapany,  Newark  1,  New 
Jersey;  No.  W-13  anti-freeze  extinguisher,  2-l/2-g3llon  drawn 
brass,  500- pound  test. 

Spectrographic  analysis  of  the  1 ining  naterial  of  all  these  extin¬ 
guishers  showed  an  alloy  of  lead  and  tin;  these  analyses  are  shown  in 
Table  I. 


Table  I.  Container  Material 


1 — 
i 

:no. 

Extinguisher 

Mfr.  and  Model 

Metal 

Lining  Material 
Z  Tin  7.  Lead 

Thickness*  in 
inches 

i  1 

! 

Anjerican-La  Fr. 

Silicon  Bronze 

40 

60 

0.004 

»  '} 

•  - 

! 

1 

Elkhart 

No.  X-A 

F^T-Fvter 

Drawn  Brass 

50 

50 

‘  3 

No.  94-11 

Oraw-n  Brass 

50 

50 

0.005  ainiaum 

I  ^ 

Waltci'  Kidde 

Model  KAM 

Silicon  Bronze 

40 

60 

5 

1 

Pyrene  C-O-TKO 

Model  W-13 

Drawn  Brass 

40 

60 

0.002-0.003 

Data  from  icanufaciurer 


PROCEDURE 


Test  Coi.ditions  j 

*  I 

O 

Uhlig  shows  that  snode-catbode  relationships  of  metallic  couples 
of  lead  and  copper  can  be  reversed  by  changing  the  pH-  Both  brass  end 
«  bronze  fire  extinguishers  were  tested  using  lichiisn  chloride  solutions 

containing:  (i)  sodium  chroaate  ct  pK  3.2,  (2)  sodium  dichrcssate  at 
pH  3.6,  a.i»*  (3)  sodium  dichrssaate  and  oxalic  acid  at  pH  1-5- 

The  extinguishers  were  filled  with  the  test  lithium  chloride  solu¬ 
tions.  In  order  to  accelerate  the  corrosive  action,  they  were  kept  at 
a  constant  temperature  of  140  F  for  two  months.  At  the  end  of  this  test 
period  the  clear  supernatant  solutions  were  decanted,  anl  the  residual 
liquids  containing  the  insoluble  corrosion  products  were  filtered.  The 
corrosion  products  adhering  to  the  surfaces  of  the  container  were  removed 
by  brushing  with  a  nylon-bristle  brush.  The  res-dues  were  then  conbined, 
dried  at  110  C  for  about  17  hours,  and  weighed.  The  corrosion  which  had 
occurred  in  each  container  was  measured  by  the  weight  of  the  corrosion 
residue  obtained  at  the  end  of  each  two-month  test  period. 

Three  separate  two-month  tests  were  conducted  using  ten  fire 
extinguishers  in  all.  Upon  completion  of  all  tests  the  extinguishers 
were  cut  in  half  vertically.  The  linings  were  examined  visually  to 
determine  their  condition,  and  photographs  were  taken  of  each. 

Tests 


Test  No.  1.  Five  new  extinguishers  (one  from  each  c-enufacturer) 
were  cleaned  with  a  nylon-bristle  brush.  After  a  caratrl  rinsing,  they 
were  iiliee  with  a  2s^percent  lithium  chloride  solutic-ri  containing  the 
0.5-percent  sodium  dichromate-0. 2-percer.t  oxalic  acid  inhibitor,  and 
placed  in  a  constant- temperature  box  at  140  F  for  a  period  of  two  months. 

Test  No.  2.  After  cleaning,  the  same  extinguishers  were  used  in 
Test  No.  2.  In  this  test,  the  lithium  chloride  solution  contained  only 
sodium  dichrcaate  (0.52)  as  the  corrosion  inhibitor.  The  test  conditions 
were  identical  with  those  in  Test  No.  1. 

Test  Nc.  3.  The  extinguishers  used  in  the  first  two  tests  and  the 
rcmaliiing  five  r.cw  extinguishers  were  employed  in  the  final  test.  The 
inCeriors  of  tht  new  extinguishers  were  cleaned  as  in  Test  No.  1.  Each 
extinguisher  was  filled  with  a  ii-percent  lithium  chloride  solution 
-■  v'fojning  corrosion  inhibitors  as  listed  in  Table  II.  Test  conditions 
riuained  unchanged. 
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Previous  Tests 

Previous  Laboratory  tests  of  a  large  number  of  corrosion  inhibitors 
showed  that  sodium  dichromate,  either  alone  or  caabined  with  oxalic  acid, 
was  t_he  most  suitable  for  use  with  the  24-percent  lithium  chloride  solu¬ 
tion.”  During  those  tests  both  stainless  steel  and  brass  test  panels  had 
been  given  excellent  protection.  However,  tests  using  2-1/2-gallon 
stainless  steel  fire  extinguishers  showed  severe  attack  by  the  inhibited 
lithium  chloride  solution  along  seams  and  welds.  Figures  1  and  2  (figures 
taken  from  Reference  2).  The  attack  by  the  inhibited  lithium  chloride 
solution  at  the  seams  and  welds  of  the  stainless  steel  extinguishers  was 
so  severe  that  the  extinguishers  did  not  survive  a  two-month  test  period. 
Figure  2  (arrows  show  locations  of  perforations). 
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Figure  2.  Crevice  corrosion  and  intergranular  corrosion 
stainless  steel. 
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Present  Tests 


When  lithium  chloride  solutions  were  tested  inside  a  lead-lined 
brass  or  bronze  container,  the  addition  of  sodium  dichromate  inhibitor 
gave  the  best  protection.  Reference  to  Tables  III  and  IV  shows  that 
in  almost  every  instance  the  quantity  of  corrosion  residue  obtained  at 
the  end  or  each  two-month  test  using  sodium  dichromate  alone,  at  pK  3.6 
was  approximately  one-tenth  of  that  for  sodiwn  dichromate- oxalic  acid  at 
pH  1.5.  At  pH  8.3  sodium  chromate  (sodium  dlchromata-sodium  hydroxide) 
the  quantity  of  corrosion  residue  was  also  greater  than  that  at  pH  3.6. 

At  pH  1.5  the  corrosion  was  of  the  same  magnitude  as  that  obtained  where 
no  inhibitor  was  used. 

When  using  either  Inhibitor  (sodium  dichromate  or  sodiian  dichromate- 
cxalic  acid),  the  greatest  amount  of  corrosion  residue  was  obtained  from 
the  Elkhart  and  Pyrene  C-O-TWO  extinguishers.  Table  III. 


Table  III.  Csrrccic 


Extinguisher 

^^9 

pH 

— 

pH 

Elkhart 

3.93 

1.5 

0.50 

3-6 

Pyrene  C-O-IWO 

2.89 

1.5 

0.39 

3.6 

American-La  France 

2.17 

1.5 

0.27 

3.6 

Fyr-F>'ter 

1.78 

1.5 

0.22 

3.6 

Walter  Kidde 

1.67 

1.5 

0.13 

3.6 

*  Inhibitor  -  0.5a  sodium  Jichromate  -  0.2%  oxalic  acid 
**  Inhibitor  -  0.5%  sodium  dichroaate 
***  Residue  weight  in  grams 
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Table  IV.  Corrosion  Residue,  Test  3 


] 

Extinguisher  j 

1 

Inhibitor 

[ 

Residue  (grains) 

1 

Elkhartt 

0.57,  sodium  dichromate 
-0.2%  oxalic  acid 

1 

1.5 

2.46 

pyrene  C-O-TWot 

0.5%  sodium  dichromate 
(plus  NaOH) 

8.3 

1.17 

American-La  Francet 

0.5%  sodium  dichromate 

3.6 

0.27 

Fyr-Fytert 

0.5%  sodium  dichremate 

3.6 

0.22 

Halter  Klddet 

0.5%  sodium  dichromate 
-0.2%  oxalic  acid 

1 

1.5 

i 

2.1G 

Elkhart^ 

0.5%  sodium  dichromate 

3.6 

0.25 

Pyrene  C-O-TWOr 

0.5%  sodium  dichromate 

3.6 

1.34 

American-La  France^ 

No  inhibitor 

7.3 

2.33 

F>T-Fyteri 

0.5%  sodium  dichromate 
-0.27.  oxalic  acid 

j 

1.6 

2.42 

Walter  Kiddei- 

0.5%  sodiira  dichromate 

3.6 

0.21 

_ ^ 

t  Used  in  Tests  1  and  2 
i  New  extinguisher 

Visual  inspection  of  the  ten  containers  of  Test  3  revealed  severe 
losses  of  lining  in  several  instances.  It  should  be  noted  here  that 
five  of  these  had  been  used  three  times  over  a  period  of  six  months, 
and  five  had  been  tested  for  two  months.  Figures  3  through  7  show  the 
relative  condition  of  the  inside  of  the  containers.  Pitting  can  be 
observed  on  the  linings  of  all  of  the  specimens  exposed  for  six  months. 
In  Figures  4  and  7  the  corrosion  of  the  lining  of  the  Elkhart  and 
Pyrene  C-O-TWO  extinguishers  has  exposed  large  areas  (see  arrows')  of 
brass.  The  attack  appeared  to  have  started  at  pin-hole  breaks  in  the 
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lining  and  ar.  the  seam  around  the  bottom  of  the  container.  The  silicon 
bronze  containers  are  of  welded  construction  and  contain  seams  vertically 
and  around  the  top  and  bottom,  as  shown  in  Figures  3  and  6.  Although 
seams  are  more  susceptible  t..  attack  than  plain  surfaces,  no  failure  of 
the  lining  had  occurred  at  the  seams  in  the  silicon  bronze  extinguishers. 
Variations  in  the  tin-lead  ratio  of  the  lining  materials  were  not  great 
and  were  not  considered  to  be  an  important  factor  in  the  failure  of  these 
linings. 

The  stained  area  in  the  Kidde  bronze  container,  as  shown  in  outline 
in  Figure  6,  was  caused  by  brass- corrosion  products  which  originated  in 
the  area  of  the  outlet  at  the  top  of  the  container.  This  same  condition 
can  be  observed  to  a  lesser  degree  in  some  of  the  other  photographs. 

When  the  cut  edges  of  the  containers  were  viewed  through  a  30-power 
lens,  the  lining  in  the  Fyr-Fyter  appeared  to  be  the  only  one  that  was 
thick  enough  to  afford  much  further  protection.  .-.11  others  were  very 
thin.  The  Elkhart  and  Pyrene  C-O-TKO  linings  were  perforated,  and  the 
linings  on  the  Walter  Kidde  and  American-La  France  containers  were  badly- 
pitted.  Perforation  would  soon  have  occurred  in  these  had  the  test 
period  been  lengthened.  The  lining  in  the  Fyr-FVter  showed  the  least 
evidence  of  attack,  as  can  readily  be  seen  in  Figure  5.  This  extinguisher 
also  produced  The  smallest  amount  of  corrosion  residue  and  had  the 
greatest  residual  thickness  when  the  test  was  completed. 

Any  container  found  suitable  for  -asi  with  the  lithium  chloride 
solution  must  also  withstand  an  internal  pressure  near  500  psi.  A  slo-w- 
buming  propellant  was  developed  by  the  Naval  Research  Laboratory  for 
use  in  the  2- 1/2- gallon  fire  extinguishers.  Hiis  propellant  produces 
pressure  in  the  neighborhood  of  500  psi  it  the  effluent  hose  or  nozzle 
is  clogged  with  ice  or  foreign  matter.  Brass  and  bronze  leao-ailoy  lined 
containers  tested  to  w-ithstand  this  pressure  are  coniaerically  available. 

CONCLUSIONS 

1.  Sodium  dichromate  (0.5  percent  by  weight)  at  pH  3. 6  -will  protect 
lead-alloy- 1 ined  drawn  brass  or  silicon  bronze  fire  extinguishers  from 
the  corrosive  action  of  a  24-percent  lithium  chloride  solution.  A 
heavy  lining  of  lead  alloy  (0.005- inch  minimum)  is  necessary  to  protec. 
the  inside  of  the  container. 

2.  Sutiluin  uiciiromate  (0.5  percent )- oxal ic  acid  ^0.2  percent)  at  pH  1.6 
will  protect  stainless  steel  from  attack  fay  a  24-percent  lithium  chloride 
solution. 
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3.  Sodiisr  dichromate  (0.5  percent )-oxalic  acid  (0.2  percent)  will  not 
protect  welds  or  seam®  in  stainless  steel .  (All  current  stainless  steel 

2-1/2-gallon  fire  extinguishers  contain  welds  and  seams.) 

4.  Welds  and  seams  are  areas  of  potential  attack  by  corrosion. 


RECOMMENai.TIOKS 

1.  That  sodium  dichromate  at  0.5  percent  by  weight  be  used  as  the 
inhibitor  for  the  24-percent  lithium  chloride  solution.  The  inhibited 
solution  would  contain  76  lb  water,  24  lb  lithium  chloride  and  0.5  lb 
of  sodium  dlchrcmate. 

2.  That  stainless  steel  extinguishers  not  be  used  as  containers  fcr 
lithium  chloride  solution. 

3.  That  silicon  bronze  ci-'tainers,  because  they  are  fabricated  with 
welds  and  seams,  not  ce  used  with  lithium  chloride  solutions. 

4.  That  the  2-1/2-gallon  extinguishers  be  constructed  of  seamless 
drawn  brass,  lined  with  a  minimum  of  0.005  laches  of  a  lead  alloy  and 
pressure- tested  to  500  pounds  per  square  inch. 

5.  Because  sodium  dichromate  is  a  toxic  material,  it  is  recommended 
that  contact  with  skin  and  eyes  be  avoided  and  that  contaminatec  parts 
and  clothing  be  thoroughly  washed  with  soap  and  water,"* 
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OlSTRlB'JTtON  LIST 


•■io.  of  SNDL 

Cop*««  Lode 

10 

1  23A 

2  393 

9  39D 

3  39E 

2  39r 

1  A2A 

2  A3 

5  AS 

3  S3 

2  FA 

i  £  I6 

8  F9 

5  F17 

1  F2I 

2  FaO 

1  FaI 

2  FA2 

I  =A3 

1  Fa8 

a  H3 

1  H6 

2  Jl 

1  J3 

2  JA 

1  JI9 

2  J31 

i  J3A 

!  J37 

I  JA6 

I  7AS 

1  JAA 


Chief,  Bureou  of  Yordi  jnd  Docto 

BuDocks  Standard  Dtstnhatran 

Nsvol  Fofcei.  CoflKoo*>def*  tToivrcn  Only.* 

Constfuctfon  Bettoliono 

VioSfle  Construction  Bottolions 

Amphibious  Construction  Bottolions 

Constriction  Bottclion  Bose  Units 

Chief  of  fsourii  On*s 

Chief  of  Noirol  Operations  (Cp-07,  Op*0A) 

Burecus 

Colleges 

Loborotory  ONP  fWoshington.  0.  C.  Only) 

Training  Device  Center 

Sfotion  -  CNO  (Boston;  Ke /  Wes*.  ■«e'»  Orleons,  Son  Juon;  Long  Beoch;  Sen  Oiego; 
Ttaazvrc  IslorKf.  end  riodrnon,  C.  Z-  Only) 

Cooxounicotion  Station  (Sen  Juan;  Son  Froncisco;  Poor)  Horbor;  Adoic,  Alosko.  ond 
Cuom  only) 

Adsinistration  Cornniond  end  Unit  CNO  (Soipen  only) 

Communicction  Facility  (Pt-  Lyoutey  end  jepen  only) 

Security  Stotion 

Pedio  Stotion  (Oso  end  Cheltonhooi  only) 

Pcdio  Facility  (Londonderry  only) 

SeCu-ity  Group  AcSimtias  (IFinter  Hurbor  only) 

Hospitot  (Oielseo,  St-  AIbcns;  Portsmouth,  Vo;  Beoufort,  Greet  Loses,  Son  Dirgo; 
Oeklcnd;  end  Comp  Pendleton  only) 

Uedicel  Center 

Admmistrotion  Corxnsid  ond  Unit-BuPers  ((Sreot  Lokes  ono'  Son  Diego  only) 

Air  Defense  Trcinmj  Center  (Virgiopo  Beoch  only) 

A(7.pnihfOu«  3o»e» 

^eceiv»n5  Sietion  (Brooklyn 
^etfcming  Comtnond 

Stotion  -  BuPers  (Weshiogton,  D.  C  only) 

Tfcmmg  Center  (Botnhri^ge  only) 

Personnel  Center 
Constrvcffon  Trcm.ng  Unit 
School  Acodetny 
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Dif^tribtifion  L«5t  (Cont*d} 


No.  of 

copies 

SNOL 

Cede 

1 

J65 

School  CEC  Officers 

1 

J84 

School  Post9f3duote 

1 

J90 

School  Supply  Corps 

1 

J9S 

School  Cotfege 

1 

J99 

Coeunuofcotfon  Troiriing  Center 

11 

LI 

Shipyerds 

4 

L7 

Loborotory  •  BuShips  (New  London;  Ponomo  City;  Corderock;  ond  Annopolis  only) 

5 

L26 

Naval  Fccilities  •  BuShips  (Antigua;  Turks  !s*snd.  Barbados:  Son  Salvador;  ond 
Hl«o«‘»ero  enry/ 

1 

L30 

Subnerine  Bose  (New  London  only) 

2 

L32 

Naval  Support  Activities  (London  &  Naples  only; 

2 

L42 

Fleet  Activities  •  BuShips 

4 

m27 

Supply  Center 

7 

m2S 

Supply  Depot  (Except  Gucntanosio  Bay;  Subic  Bay.  ond  Yokosuka) 

2 

M6I 

Aviation  Supoly  Office 

3 

Nl 

BuDocks  Director^  Overseas  Division 

^5 

N-2 

Public  •forks  Offices 

7 

NS 

Construction  Battalion  Center 

5 

N6 

Construction  Officer«in-Cncrge 

1 

N7 

Construction  Resident'O^ficer'in'Charge 

12 

N9 

Public  l^orks  Center 

1 

NU' 

Housing  Activity 

2 

R9 

Recruit  Depots 

2 

RIO 

Supply  installotions  (Albany  er>d  Berstow  onN) 

I 

H20 

Marine  Corps  Schools.  Ouentico 

3 

Rfr! 

M.erine  Corps  Baso 

1 

RA6 

Mor;ne  Corps  Ccap  Detachment  (Tengcn  only) 

7 

•*IA1 

Air  Station 

35 

W1A2 

Air  Station 

9 

iiifiB 

A:r  Stefion  Auxiliary 

5 

»1C 

Air  Facility  (Phoenix;  Monterey.  Oppra:".  ?i-hc,  end  Naples  only) 

3 

Wlc 

Marine  Corps  Air  Stotion  (Except  Ouantico) 

I 

WIF 

.*4cr*nc  Corps  Auxiliary  Air  Station 

3 

win 

Station  -  Bv^feps  (Except  Roto) 

1 

WlJ 

Fleet  Aircroft  Service  Squadron 
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